Seven patients with congenital mitral stenosis have been investigated with echocardiography using reflected ultrasound. In all cases the mitral stenosis was combined with other cardiovascular malformations. The results are compared with those obtained at clinical investigation, cardiac catheterization, and operation and/or autopsy. It is concluded that the method is of definite value in diagnosing congenital mitral stenosis, even when this is combined with other cardiovascular malformations. The method is also found to be of value in assessing the severity of mitral stenosis.
malformations of the cardiovascular system." 2 The diagnosis can sometimes present difficulties especially when the mitral stenosis is combined with other cardiovascular malformations.2 Under these circumstances an evaluation of the severity of the mitral stenosis can also be difficult.
The anatomic variations of congenital mitral stenosis have recently been the subject of an excellent analysis.3 The clinical findings and hemodynamic consequences of this malforma-tion in all its various combinations have also been thoroughly described previously." 2, 4-9
Surgery has been performed in many cases, , 10-12 both with and without replacement of the mitral valve. In the preoperative assessment additional information about the functional state of the mitral valve should be of value.
The use of echocardiography in the diagnosis and evaluation of the severity of acquired mitral stenosis has been reported by many authors. [13] [14] [15] [16] [17] [18] [19] A report on echocardiography in congenital mitral malformations in young infants has been presented. 20 The aim of the present investigation was to evaluate the use of echocardiography in the diagnosis of congenital mitral stenosis in infants and children above the age of 1 month. [14] [15] [16] 19 In normal infants and children the corresponding lower limit has been found to be 90 mm/sec (unpublished data). With a fast heart rate (more than about 120 beats/min) the part of diastole before atrial systole is too short to allow any measurement of the speed of movement in early diastole.
ECHOCARDIOGRAPHY IN MITRAL STENOSIS
The measurements made on the recordings of the echo from the anterior mitral leaflet in the present material were: total amplitude of movement, amplitude of opening movement in the beginning of diastole, and speed of movement in posterior direction during the early part of diastole ( fig. 1B) .
Results

Before Mitral Valvotomy
The results of echocardiographic examinations of the anterior mitral leaflet are presented in table 3. The total amplitude of movement and the amplitude of opening movement in the beginning of diastole were within normal limits for age in cases 1-3,5, and 6. The values were, however, in the lower range of normal. In cases 4 and 7 the total amplitude of movement and the amplitude of opening movement in the beginning of diastole were 2-3 mm below the lower limit of corresponding normal values. The mobility of the anterior mitral leaflet was therefore suspected to be restricted in cases 4 and 7. At autopsy in case 4, short, fused chordae tendineae were found, and it seemed likely, therefore, that the mobility of the mitral valve had been restricted. At operation in case 7, short, fused chordae tendineae were found. The mobility of the mitral valve was restricted and a valvotomy was not considered possible. A replacement of the valve was therefore performed.
The speed of movement of the echo from the anterior mitral leaflet in the early part of diastole was much slower than the lower normal limit (90 mm/sec) in all cases (figs. 1B, 2, 3). Two patients had a speed of movement between 30 and 40 mm/sec (cases 1 and 6) and the others below 25 mm/sec. In three patients (cases 4-6) the examinations were repeated within an interval of 32-18 and after exploration of the mitral valve in one patient (case 6). The results of these investigations together with the age at examination and time after valvotomy are presented in table 3. The total amplitude of movement and the amplitude of opening movement in the early part of diastole were within normal limits in all these patients. In those three patients where a valvotomy had been performed, the speed of movement of the echo from the anterior mitral leaflet increased after operation ( fig. 3) . The values for the speed of movement were now in or above the range (30-40 mm/sec) supposed to indicate a slight mitral stenosis without significant hemodynamic consequences. At a follow-up examination 1-512 years after operation the values were not significantly altered (table 3) . The findings indicate a satisfactory result of the operations, agreeing quite well with the results of the (postoperative) clinical investigations and cardiac catheterizations.
In one patient only an exploration of the mitral valve was performed (case 6). The postoperative investigations on this patient show a mitral regurgitation, and a widening effect caused by the exploration therefore seems likely. The speed of movement of the echo from the anterior mitral leaflet increased after operation even in this patient. A followup investigation 6 months after the operation showed the same results, despite the fact that the patient had a recoaretation of the aorta.
Discussion
The present material differs from previously published experiences on congenital mitral stenosis1'7 9s, ' in that it does not contain any case of isolated congenital mitral stenosis. No obvious reason for this has been found. The combination of mitral stenosis with other severe congenital cardiovascular malformations makes an evaluation of the severity of the 
Figure 4
Comparison between speed of movement of the echo from the anterior mitral leaflet during the early part of diastole in patients with severe and slight congenital mitral stenosis (MS) and congenital mitral stenosis after mitral valvotomy. The lower limit of speed of movement in normal subjects and in patients with a normal mitral valve but with a severe obstruction to left ventricular outflow is indicated.
Circulation, Volume XLVI, july 1972 severity of mitral stenosis by this technic is difficult. For these reasons the severity of mitral stenosis in the present material has been based upon the findings at operation or autopsy. As an exact determination of the severity of mitral stenosis is difficult to obtain even at operation or autopsy, the material has been divided into two groups only: slight mitral stenosis, presumably without hemodynamic consequences; and severe mitral stenosis, with obvious hemodynamic consequences. There has been no difficulty in placing the patients into one of these two categories.
Echocardiography in the Diagnosis of Mitral Stenosis
The value of echocardiography in the diagnosis and evaluation of severity of acquired mitral stenosis has been established by many investigations. '3-19, 24, 26 A much reduced total amplitude of movement has been found in cases with restricted mobility of the anterior mitral leaflet and especially in cases with severe calcifications of the mitral valve. '4-17, A correlation between echocardiography, hemodynamics, and surgical findings in a material of acquired mitral stenosis has been performed by Gustafson.2' He found a statistically significant correlation between estimated mitral valve area on the one hand and the speed of movement of the echo from the mitral leaflet on the other hand in patients with sinus rhythm and a normal amplitude of movement of the echo from the anterior mitral leaflet.
Segal et al. '8 have pointed out that a slight degree of mitral regurgitation together with a mitral stenosis does not alter the findings at echocardiography from those found in isolated mitral stenosis.
The findings in the present material regarding the relation between the degree of mitral stenosis and the speed of movement of the echo from the anterior mitral leaflet during diastole ( fig. 4 ) agree quite well with the findings in adults with acquired mitral stenosis. With this method it thus seems possible to be able to separate reasonably well the group of patients with a mitral stenosis without significant hemodynamic consequences from those of clinical significance.
In some patients with a severe degree of obstruction to left ventricular outflow without mitral stenosis, the speed of movement of the echo from the anterior mitral leaflet in posterior direction during the early part of diastole has been found to be lower than normal. 23 26 This has been attributed to a reduced compliance of the left ventricular wall. The speed of movement in these cases has, however, never been found to be less than about 40 mm/sec.23 26 It is unlikely, therefore, that the reduced speed of movement of the echo from the anterior mitral leaflet found in the present material could be explained by the associated cardiovascular malformation causing obstruction to left ventricular outflow (coarctation of the aorta). Furthermore, it is evident that even patients with a slight mitral stenosis have a speed of movement of the echo from the anterior mitral leaflet lower than that found in patients with severe obstruction to left ventricular outflow without mitral stenosis (fig. 4 ).
Echocardiography after Mitral Valvotomy
The possibility of evaluating the results of mitral valvotomy in adults with acquired mitral stenosis by echocardiography has been described by several authors.14-16, 24, 26 Joyner14 found an increase in the speed of movement of the echo from the anterior mitral leaflet after mitral valvotomy up to values above 25 mm/sec in most cases. Edler15 also found an increase in the speed of movement after valvotomy, especially in the group of patients in whom the mobility of the mitral Circulation, Volume XLVI, July 1972 ECHOCARDIOGRAPHY IN MITRAL STENOSIS valve was good. The value of echocardiography in detection of restenosis after valvotomy was also stressed by Edler. 15' 26 In the investigation presented by Effert16 the mean increase in speed of movement of the echo from the mitral leaflet after valvotomy was 24.5 mm/sec, and in a few cases an increase to above 70 mm/sec was found. Gustafson24 found the best results of mitral valvotomy in the group of patients with a good mobility of the mitral valve. He also concluded that the total amplitude of movement of the echo from the anterior mitral leaflet was a good measurement of this mobility.
The findings in the present material agree well with the findings after mitral valvotomy in adults. The findings at postoperative echocardiography in this material are also in good agreement with the findings at postoperative cardiac catheterization or clinical investigation.
It has been pointed out that there is a lack of postoperative investigations after mitral valvotomy in cases with congenital mitral stenosis.1 The present material can contribute with at least a fairly long follow-up in two cases and a shorter observation period in another patient after mitral valvotomy. In selected cases of congenital mitral stenosis, a mitral valvotomy can provide satisfactory results lasting several years after operation and without severe mitral regurgitation. Due to the wide variations in anatomic findings in congenital mitral stenosis,3 the possibility of performing a satisfactory valvotomy is difficult to predict before the surgical procedure has begun. The finding of a normal total amplitude of movement of the echo from the anterior mitral leaflet at echocardiography indicates a good mobility of the anterior mitral leaflet, and this information should therefore be of value in the preoperative assessment.
Conclusions
The investigation reported here shows that echocardiography is of definite value in the diagnosis of congenital mitral stenosis even when this is combined with other cardiovaseuCirculation, Volume XLVI, July 1972 lar malformations. Echocardiography can also be used in assessing the severity of mitral stenosis and in the evaluation of the results of mitral valvotomy. Since the method is harmless, noninvasive, and easy to repeat, it should be of value as a complementary method in the overall evaluation of the functional state of the mitral valve.
